Ruptured abdominal aortic aneurysm (RAAA) is a surgical emergency associated with a high mortality often requiring postoperative intensive care. Our objectives were to assess the outcome of RAAA management in a nontertiary community hospital intensive care unit (ICU) and to compare this with historical data from tertiary hospitals. We also sought to identify variables related to outcome and evaluate the potential of an organ failure score to identify patients at increased risk of death.
Ruptured abdominal aortic aneurysm (RAAA) is a therapeutic challenge for medical practitioners. Despite advances in surgical technique, materials and perioperative care, in-hospital mortality has remained around 50% for the last decade [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . When pre-hospital deaths are also taken into account the overall mortality may exceed 90% 6, [11] [12] [13] [14] . Without operative intervention the condition is uniformly fatal 13, 15 .
Most postoperative deaths are related to failure of multiple organ systems 16 ; in some cases accounting for up to 93% of late deaths (i.e. deaths later than 48 hours after intensive care admission) 1 . Patients must therefore be managed in an intensive care unit (ICU) where there is a continuing need to develop more effective evaluation systems and treatment protocols.
The mortality from RAAA is known to be related to older age 4, 6, 14 . As the number of elderly in the community is increasing 16, 17 , maintaining or improving mortality rates in the future will be an ongoing challenge. The incidence of RAAA itself is rising despite age standardization 6, 17, 18 . These factors will create a larger and older RAAA population over time which, as health care decentralizes, may mean an increasing proportion being treated in non-tertiary institutions.
This study outlines the 11-year experience of RAAA in a 210 bed community teaching hospital with an eight bed ICU. Its objectives are to assess the past outcome and future feasibility of RAAA management in a non-tertiary setting such as this, identify variables which may have a bearing on outcome and evaluate the potential of an ICU organ failure score to stratify mortality risk in patients with multi-system organ failure.
METHODS

Patient Identification
This study was a retrospective chart review of patients with RAAA admitted to the ICU in Manly District Hospital from 1986 to 1996 inclusive. RAAA was defined as evidence of retroperitoneal haematoma or free blood in the peritoneal cavity at laparotomy.
Patients with abdominal aortic aneurysms (AAAs) were identified by searches of the ICU database (dBASE III/IV PLUS™) and ICU admission records. These ICU patient records were then reviewed in detail to exclude elective repairs, semi-elective repairs, patients unfit for surgery, patients who died before or during surgery and those whose records could not be found.
Setting
The Manly District Hospital is a 210 bed teaching hospital of the University of Sydney with an eight bed ICU providing intensive care and coronary care services. The ICU over the study period received approximately 500 intensive care and 500 coronary care admissions per annum. It had a high proportion (60%) of ICU certified nurses, with a 1:1 nursing ratio for ventilated patients and 24 hour cover by dedicated ICU residents. A registrar, who was an advanced trainee of the Royal Australasian College of Physicians, was present during normal working hours and also had a role in after hours cover. Consultant cover was provided by two intensivists (KRB and SB) who supervized the unit on alternate weeks including after hours. The ICU has an active teaching and research program. The hospital had five consulting surgeons who performed RAAA operations between 1986 and 1996.
During normal working hours, there is an anaesthetic registrar and at least one anaesthetic consultant in the hospital. There is also an emergency operating theatre with readily available nursing staff. After hours, there is a surgical consultant, an anaesthetic consultant and three theatre nurses on call with a response time of within 30 minutes for emergencies. Blood products are available on an emergency basis with 26 units of various blood groups always held on site.
Data
A database consisting of 45 patient variables was developed. This included demographics, comorbidities, preoperative and intraoperative variables, as well as course and complications in the ICU. APACHE II scores were derived from the worst physiological values within 24 hours of ICU admission.
Objective criteria (Table 1) for organ failure were derived from the Multiple Organ Dysfunction Score (MODS) 2 which graded organ dysfunction on a scale of 0 to 4, with values of 3 or 4 considered organ failure. These criteria were used to define the number of failed systems after 48 hours of admission to the ICU and its associated risk of subsequent death.
Neurological failure was omitted as many patients received sedatives and analgesia rendering objective assessment of neurological function unreliable.
Statistical Analyses
Data were recorded and analysed on IBM™ spreadsheet software and SPIDA™ (Statistical Package for Interactive Data Analysis, Statistical Computing Laboratory, Macquarie University, Sydney, N.S.W.).
The association of the 45 variables with mortality was tested by univariate logistic regression and chisquared analysis. P 0.05 was considered significant.
RESULTS
One hundred and thirty-nine patients were identified as having had AAA surgery in the 11-year period. Of these 95 were excluded on the basis that their AAAs did not entail rupture as previously defined. Four additional patients were excluded; two did not survive long enough to reach the operating theatre, one died intraoperatively and one was unsuitable for surgery due to disseminated cancer. Thus 40 patients fulfilled the study criteria, reaching ICU after a successful RAAA operation. The records of two potential subjects were unable to be found. The forty comprised 38 men and two women of mean age 72 years (range 54-89,SD 8).
Seventeen patients died in the ICU (two within eight hours of operation), two died later whilst in hospital and the remaining 21 were discharged and (Table 2) comprising the patients' demographics, comorbid illnesses, preoperative and intraoperative states, together with their postoperative course in ICU was analysed by univariate logistic regression. Five independent variables were identified to be significantly different between survivors and non-survivors. These were age, total amount of blood products (includes whole blood, packed cells, fresh frozen plasma, and platelets) used both perioperatively and in the ICU, duration of the operation, development of hypotension (systolic blood pressure <90 mmHg) in the ICU postoperatively, and APACHE II score at day 1 ICU (Table 3 ). There was no statistical difference in mortality between surgeons.
A trend was also found between the mortality rate and the number of failed systems (as defined in Table  1 ) a patient developed within 48 hours of admission to the ICU. This is shown in Table 4 . The trend shows increasing risk of death with worsening multisystem organ failure 48 hours after admission to the ICU.
The respiratory, cardiovascular and renal systems were the ones that tended to fail most. Of the 19 nonsurvivors, 10 had respiratory, eight had cardiovascular and five had renal failure. For the 21 survivors, the respective figures were eight, six, and four.
DISCUSSION
The prevalence of aortic aneurysm is 2 to 4% of the population according to estimates based on radiographic and post mortem studies from the United Kingdom 6 . Rupture will occur in 50 to 60% per cent of AAAs within five years, with larger size conferring greater risk. The mortality amongst most studies around the world for patients reaching hospital with RAAA averages 50%. This figure has not noticeably changed over the last decade despite earlier diagnosis, aggressive resuscitation and postoperative care, early transport to surgery and improvements in surgical techniques and anaesthesia [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
In our study, total mortality for RAAA was 52.3%. Patients having had RAAA surgery experienced an in-hospital mortality rate of 47.5% and an in-ICU mortality of 42.5%. This is comparable to studies from tertiary centres in the United States and 499 RUPTURED ABDOMINAL AORTIC ANEURYSM Anaesthesia and Intensive Care, Vol. 27, No. 5, October 1999 England 8, 14, 19 . It is also in accordance with a recent study from the US which compared the management of prolonged critical illness in tertiary and nontertiary settings. This study also showed no significant difference in patient mortality between those treated by university-based intensivists and community-based intensivists providing their training and experience were similar 20 . We also found five factors significantly related to mortality. These were age, hypotension in the ICU, units of blood products required, the duration of surgery and APACHE score day 1 postoperatively. Many studies including ours have found age a significant parameter 4, 6, 14, 16 influencing outcome to the extent that some researchers have argued that withholding surgery to those over 80 years can be justified 14 . Most however, conclude that all patients should undergo the same selection criteria for operation regardless of age, as survivors experience a length and quality of life comparable to those without RAAA based on factors such as physical mobility, emotional state and activities of daily living 8, 15, 17 . In our series, six of the 40 patients were above 80 years of age and of these only one survived postoperatively. The significance of hypotension postoperatively as a predictor of death is that vital organ function is compromised at systolic pressures less than 90 mmHg, predisposing to failure of multiple organ systems 4 . Another reflection of haemodynamic instability is the amount of blood product resuscitation an RAAA patient requires. Blood product transfusion for our survivors averaged 25 units in total compared to nonsurvivors who averaged 42 (P=0.034). This statistic reflects the degree of bleeding a patient has already undergone by the time they arrive at hospital as well as the time to control of the proximal aorta. The former is largely beyond the doctor's control but the latter reinforces the importance of early diagnosis, resuscitation and prompt transfer of the patient to theatre.
The duration of operation for survivors averaged 3.57 hours and for non-survivors 4.74 (P=0.027). This is in accordance with other studies which correlate prolonged surgery with increased mortality 4, 15 . It must be remembered however that prolonged surgery may not be the cause of increased mortality but merely a marker of poor survival, reflecting the patient's preoperative state.
Our study also looked at APACHE II scores which allocates a point score based upon 12 objective physiological values, age and previous health status to assign a measure of disease severity. APACHE II scores at day 1 ICU significantly differed between survivors and non-survivors in our study. The only previous study showing predictive value for APACHE II in RAAA survival demonstrated significant differences in scores on hospital admission 8 rather than on day 1 ICU. Our finding is of particular interest as the ability of APACHE II to stratify patients within defined populations has been variable 21 and there are few data pertaining to its validity for use in postoperative RAAA patients.
Multiple organ dysfunction syndrome is the leading cause of morbidity and mortality in ICU patients, responsible for up to 80% of ICU deaths 2 . This syndrome is characterized by progressive physiological dysfunction in two or more systems and is by far the commonest cause of late death following RAAA repair. Monitoring for and preventing organ failure in the ICU is thus central to postoperative management. For this reason, organ failure scoring for RAAA patients encompassing the first 48 hours in the ICU after surgery may be helpful in determining subsequent survival. Patients who did not develop failure of any major organ system within 48 hours in our ICU had a mortality rate of 38%, which increased progressively to 67% for those with three major system failures within 48 hours. None of our patients 500 K. HO, K. R. BURGESS, S. BRAUDE Anaesthesia and Intensive Care, Vol. 27, No. 5, October 1999 0 0 n/a 5 0 0 n/a developed more than three-system failure, although a study by Tromp Meesters et al has indicated up to 100% mortality for this group 1 . In the group without failure of a major organ system at 48 hours, the 38% mortality was attributed to three patients who had unexpected cardiorespiratory arrest and two patients who subsequently developed multi-organ system failure attributed to septicaemia of unknown cause. A recent study 16 identified five preoperative factors which may be used to assist clinicians in deciding whether surgery should be undertaken in the first instance. These preoperative factors were age greater than 76 years, serum creatinine above 0.19 mmol/l, loss of consciousness after arrival to hospital, haemoglobin less than 9 g/dl and ischaemia recorded by electrocardiography. Mortality gradually increased reaching 100% with three or more of these preoperative factors.
Although these data are helpful in preoperative and postoperative assessment, decisions regarding patient eligibilty for surgery and continued treatment remain a moral and ethical dilemma. Medical and surgical intervention may offer unrealistic hope and prolong suffering for certain patients and their families, yet withdrawal of active treatment may deny a patient life. It is our view that until more studies corroborate the validity of scoring systems they should only guide rather than determine patient management.
Community screening for AAA has potential for reducing RAAA mortality. Fifty to 60% of AAAs will rupture within five years, the larger the aneurysm the more likely it is to rupture 4 . If these can be detected earlier and repaired before rupture ensues, patients will only face elective surgical mortality rates of around 3% 4, 8 . A trial of ultrasound screening for AAA in an English community was effective when targeted at an at-risk population (men aged between 65 and 74) 22 . All our non-survivors except one would have qualified for such a screening group, thus potentially detecting 18 of our 19 non-survivors before their AAAs ruptured. Perhaps too, with the advent of endovascular surgery for elective AAA repair, the rate of rupture may decline as candidates once considered unsuitable for screening or elective surgery become eligible. These issues will however require rigorous cost-benefit analyses.
Patients surviving RAAAs have similar long-term mortality and quality of life as the general population and those undergoing elective repair 15, 23 . With no reliable predictors to date having been found to preclude resection 23 , all should be operated on unless the patient refuses consent or suffers from significant comorbidity.
Our study demonstrates that along with larger tertiary institutions, community-based hospitals are appropriate centres for management of RAAA provided specialist care and facilities are available.
